INTRODUCTION
Chronic hepatitis C is a major cause of liver cirrhosis, hepatocellular cancer, liver failure and death (1) . Over the last 15 years the hepatitis C seroprevalence has increased from 2.3 to 2.8% or more than 185 million infections worldwide (2) . In Lithuania anti-HCV rates are high, with 2.78% prevalence (3) . Liver fibrosis is the main disease pathway leading to liver cirrhosis. Precise staging of liver fibrosis is essential for patient management because advanced fibrosis and cirrhosis requires an adequate antiviral therapy and a specific follow-up. Until recently liver biopsy was the only one diagnostic and staging method for assessment of liver fibrosis and is still considered as a gold standard. However, liver biopsy is an invasive procedure and is associated with such complications as pain, bleeding, and death (4) . Moreover, recent studies showed that liver biopsy has many limitations due to dependency on the size of biopsy and intra-and interobserver variability (5, 6) . For this reason, researchers focus on non-invasive alternatives for liver biopsy: in the past decade non-invasive liver fibrosis evaluation methods were presented, such as ultrasound based transient elastography, direct (representing components of extracellular matrix) and indirect (reflecting hepatic inflammation and function) markers for liver fibrosis (7) . Most widely accepted are transient elastography (Fibroscan) and indirect markers -APRI and FIB-4, because they are simple to calculate and available in many hospital laboratories during usual patient care. Nevertheless, many other indirect non-invasive markers are available. Our aim was to evaluate transient elastography, APRI, FIB-4 effectiveness in staging advanced liver disease as well as other non-invasive markers -ASPRI, LSPS, P2/MS, FibroQ, Fibro-α, Pohl and CDR.
MATERIALS AND METHODS
The retrospective data analysis was conducted at Vilnius University Hospital Santariškių Clinics. The data was collected from 162 patients who were diagnosed with hepatitis C infection between the years 2001-2015 and had significant liver fibrosis or cirrhosis. The following laboratory measures were evaluated: ALT, AST, albumin, total bilirubin, alkaline phosphatase, gamma glutamyl transferase, INR, hemoglobin, platelet count, alfa fetoprotein, segmented neutrophils count and percentage, and monocytes percentage. All patients were negative for other causes of chronic liver disease. The fibrosis and cirrhosis stage was determined using the liver biopsy results and the METAVIR scoring system. Significant fibrosis was considered when the METAVIR score was F3-3.5, liver cirrhosis was considered when the METAVIR score was F4.
The following formulas were used to calculate non-invasive markers scores:
-APRI = [(aspartate aminotransferase (U/L)/ upper limit of normal)/platelet count 10 A statistical analysis was performed using the Microsoft Excel and SPSS 20.0 programs. P value <0.05 was considered statistically significant. Patients were divided into two main groups regarding the liver biopsy results and the METAVIR score. The first group was patients with significant liver fibrosis (F3-3.5) and the second group was patients with liver cirrhosis (F4). Group differences were determined using the Student t-test. The Spearman's rank correlation was used to assess a significant association between non-invasive markers and liver fibrosis stages. The diagnostic values of non-invasive markers were assessed by calculating the area under the receiver-operating characteristic (AUROC) curves. Diagnostic accuracy was calculated by sensitivity, specificity, positive predictive (PPV) and negative predictive values (NPV). The cutoffs selected from the AUROC curve were those that best identified significant fibrosis and cirrhosis.
RESULTS
The mean age of 162 patients (107 males, 55 females) was 53 ± 10 years. Overall, 70 patients had significant liver fibrosis (F3-3.5), 92 patients had liver cirrhosis (F4). The demographic and baseline laboratory data of patients are summarized in Table 1 .
BMI is the body mass index; AST is aspartate aminotransferase; ALT is alanine aminotransferase; ALP is alkaline phosphatase; GGT is gamma glutamyl transferase; INR is the international normalized ratio; AFP is alfa fetoprotein.
There were significant differences between some variables in the significant fibrosis and cirrhosis groups. Albumin was significantly lower in the liver cirrhosis group while total bilirubin, ALP, GGT, INR and AFP laboratory measures were significantly higher in the liver cirrhosis group.
In the liver cirrhosis group the platelet count was lower, the spleen size was bigger, but we have not determined significant differences. Also there were no significant differences in the age, body mass index and AST and ALT measures.
The main goal was to identify patients with significant fibrosis vs those with cirrhosis using non-invasive liver fibrosis serum markers. The relationship between nine serum indexes, liver elastography and liver fibrosis stages was evaluated ( Table 2) .
Our findings demonstrated a statistically significant differences between patients with significant fibrosis and cirrhosis. The patients with cirrhosis had significantly higher ASPRI, LSPS, FIB-4, FibroQ, APRI, Fibro-α, Pohl and transient elastography scores than those with significant fibrosis. The Pohl score indicated cirrhosis in 45.6% of the cirrhotic patients, whereas it was positive in only 5.7% of the non-cirrhotic patients (P value <0.05). Only two non-invasive serum markers -CDR and P2/M2 showed no significant difference.
All non-invasive markers correlated significantly with the liver fibrosis stage (all P values <0.001). The highest correlation coefficient was found with LSPS, P2/M2 serum marker correlated negatively ( Table 3) .
The AUROCs, cutoff values, sensitivity, specificity, positive predictive values and negative predictive values of serum non-invasive markers are shown in Table 4 .
ULN is the upper limit of norm; PPV is the positive predictive value, NPV is the negative predictive value; AUC is the area under the curve.
AUROCs of LSPS and transient elastography were the highest in comparison with other non-invasive markers when differentiating significant fibrosis and cirrhosis. There were no differences between two separate upper limits of normal when calculating APRI. ASPRI had the lowest AUROCs. 
Figure.
Curves of the receiver operating characteristics (ROC) of non-invasive tests for prediction of cirrhosis (F4). Only those markers were used, which had significant differences between the significant fibrosis and cirrhosis groups
DISCUSSION
Nowadays, liver biopsy is considered the gold standard for the detection of liver fibrosis, although it is a costly and invasive procedure, which carries a risk of complication and requires hospitalization. Only 1/50 000 of the organ is removed during the procedure and it is great limitation for successful and adequate liver fibrosis staging. Also, liver biopsy is limited by inter-and intraobserver discrepancies. However, patients with advanced stage of liver fibrosis or patients with liver cirrhosis often have contraindications for liver biopsy because of bleeding possibilities and other complications. Based on the European Association for the Study of the Liver recommendations, patients with significant fibrosis and cirrhosis have antiviral treatment priority and requires treatment as soon as possible (8) . Non-invasive serum markers could be a great possibility to stage, diagnose advanced liver disease and start immediate treatment.
In this study we found that the optimal ASPRI cutoff value for diagnosing liver cirrhosis was ≥3.77, with a sensitivity of 68.46%, specificity of 75.71% and PPV and NPV of 78.7 and 64.6%, respectively. Our cutoff value when diagnosing hepatitis C caused liver cirrhosis was remarkably lower than the Kim et al. (9) used cutoff value of >12, when diagnosing hepatitis B caused liver cirrhosis.
When evaluating the P2/MS serum marker, we found that the optimal P2/MS cutoff value for diagnosing liver cirrhosis was ≤43.50, with a sensitivity of 73.91%, specificity of 80.00 and PPV and NPV of 82.9 and 70.0%, respectively. But there were no significant differences between the significant liver fibrosis and cirrhosis groups and this marker is non-valuable for differentiation of significant liver fibrosis and cirrhosis.
Results from the current study revealed that the optimal FIB-4 cutoff value for diagnosing liver cirrhosis was ≥2.63, with a sensitivity of 83.70%, specificity of 74.29% and PPV and NPV of 81.1 and 77.6%, respectively. Our cutoff value was consistent with the published cutoff values of >2.76 (10) for significant fibrosis and 2.89 for liver cirrhosis (11) .
In the present study we found that the optimal FibroQ cutoff value for diagnosing liver cirrhosis was ≥3.48, with a sensitivity of 75.00%, specificity of 84.29% and PPV and NPV of 86.2 and 72.0%, respectively. Our cutoff value was higher than that in other studies, where a cutoff value of >1.6 (12) (13) (14) was considered optimal for significant fibrosis. Our goal was to evaluate differences between significant fibrosis and liver cirrhosis and higher FibroQ cutoff value for liver cirrhosis suggests that FibroQ might be used to diagnose liver cirrhosis immediately.
In this study we found that the optimal CDR cutoff value for diagnosing liver cirrhosis was ≥5, with a sensitivity of 76.09%, specificity of 87.14% and PPV and NPV of 88.6 and 73.5%, respectively. It was lower than the published cutoff value ≥8 by Lackner et al. (15) . Significant differences between the significant liver fibrosis and cirrhosis groups were not determined.
The results from this study showed that the optimal APRI cutoff value (when the aspartate aminotransferase upper limit of norm is 35 U/l or 40 U/l) for diagnosing liver cirrhosis was ≥1.59 (ULN 40 U/l) and ≥1.81 (ULN 35 U/l), with a sensitivity of 68.48%, specificity of 85.71% and PPV and NPV of 86.3 and 67.4%, respectively. The APRI cutoff value of ≥1.59 (ULN 40 U/l) was consistent with the findings by Parise et al., who reported the cutoff value of >1.5 (16) .
In our study the optimal LSPS cutoff value for diagnosing liver cirrhosis was ≥0.99, with a sensitivity of 86.96%, specificity of 85.71% and PPV and NPV of 88.9 and 83.3%, respectively. The LSPS non-invasive marker showed the highest efficiency when diagnosing liver cirrhosis. In other studies the LSPS cutoff value of >1.08 (17) was used for hepatitis B caused liver cirrhosis.
Our study agreed with the Attallah et al. recent study (18) , where the Fibro-α cutoff value for liver cirrhosis was considered optimal when >1.35. We found a similar optimal Fibro-α cutoff value of ≥1.44 for diagnosing liver cirrhosis, with a sensitivity of 75.00%, specificity of 84.29% and PPV and NPV of 86.2 and 72.0%, respectively.
We evaluated transient elastography significance and found that the optimal transient elastography cutoff value for diagnosing liver cirrhosis was ≥12 (kPa), with a sensitivity of 84.78%, specificity of 80.00% and PPV and NPV of 84.8 and 80.0%, respectively. In various studies cutoff values for liver cirrhosis ranged from 10.1 to 17.6 (19) (20) (21) (22) (23) (24) (25) .
In the present study, we found a statistically significant difference between the positive Pohl score in the significant fibrosis and liver cirrhosis patient group. This finding supports the results of Pohl et al. (26) and Lackner et al. (15) , who confirmed the diagnostic accuracy of the Pohl score in significant fibrosis and cirrhosis.
In conclusion, all nine non-invasive serum markers (ASPRI, LSPS, P2/MS, FIB-4, FibroQ, CDR, APRI, Pohl and Fibro-α) are efficient when diagnosing advanced liver fibrosis and cirrhosis. In our study the most efficient was the LSPS non-invasive serum marker and transient elastography. All non-invasive markers demonstrated a significant correlation with the liver cirrhosis stage. The combination of these non-invasive markers may replace or reduce the requirement for liver biopsy, particularly for cases with cirrhosis in which liver biopsy has limitations and complications.
